IMPORTANCE Previous studies have found racial and ethnic inequities in the receipt of academic awards, such as promotions and National Institutes of Health research funding, among academic medical center faculty. Few data exist about similar racial/ethnic disparities at the level of undergraduate medical education.
N umerous studies [1] [2] [3] [4] [5] have found evidence of racial/ ethnic inequities in the receipt of academic rewards in medicine. Black and Hispanic faculty members are less likely to be promoted in academic health centers, and black and Asian faculty members are less likely to be awarded National Institutes of Health (NIH) research funding than are white faculty, suggesting that processes that require both subjective and objective measures of evaluation are vulnerable to bias. Although this phenomenon has been explored among faculty, there has been limited research regarding the association between race/ethnicity and the receipt of academic awards at the level of undergraduate medical education. Examining the Alpha Omega Alpha (AΩA) medical honor society membership by race/ ethnicity presents an opportunity to explore whether a similar experience exists at the level of undergraduate medical education.
Induction into the AΩA honor society is associated with future success in academic medicine. The medical society boasts more than 150 000 inductees since its founding in 1902, including 11 of the 19 US Surgeons General and more than 50 Nobel laureates. 6 Multiple studies [7] [8] [9] [10] have found that members of AΩA are more likely to match into the residency specialty of their choice, especially among the surgical subspecialties. Literature 11 has also found an association between AΩA membership and the likelihood of a physician choosing a career in academic medicine and attaining the rank of full professor, dean, or departmental chair.
Although each AΩA chapter has specific criteria for the selection of members, the national AΩA society has 3 guidelines to which all chapters must adhere: (1) only students in the top quartile of their medical school judged by academic performance are eligible for AΩA membership, (2) each chapter can select only up to 16% of medical students to ultimately be members of AΩA, and (3) the students elected into AΩA are chosen "not just for their high academic standing, but as well for leadership among their peers, professionalism and a firm sense of ethics, promise of future success in medicine, and a commitment to service in the school and community." 12(p 1) A committee, at the level of the individual medical school, ultimately chooses which medical students will be AΩA members. Despite the importance placed on AΩA membership, little has been reported about medical student race/ethnicity and likelihood of induction into the honor society. In a national study of AΩA in 1989, Babbott et al 13 reported that AΩA members were disproportionately white, but the investigators did not control for additional factors that may influence AΩA selection, such as leadership activity, community service, or academic achievement.
In this study, we examine the association between race/ ethnicity and the likelihood of AΩA membership. We report on a range of medical student characteristics associated with election into AΩA by using data from medical students graduating from 123 US medical schools who applied to 12 distinct residency programs at 1 academic health center in the 2014 to 2015 academic year.
Methods

Study Design and Population
We conducted a retrospective cohort study of medical student Electronic Residency Application Service (ERAS) applications from 123 US allopathic medical schools submitted to 12 distinct categorical residency programs (anesthesia, internal medicine, neurosurgery, obstetrics and gynecology, orthopedic surgery, pediatrics, plastic surgery, psychiatry, radiology, general surgery, and thoracic and vascular surgery) at a single academic health center (Yale Medical Center, New Haven, Connecticut) during the 2014 to 2015 application cycle. The Yale Human Investigations Committee deemed this study exempt from review; therefore, no informed consent was required.
Study Protocol
We used Matlab (Mathworks) to extract data from the ERAS applications, including applicants' self-reported race/ethnicity, sex, age, medical school, US Medical Licensing Examination (USMLE) Step 1 and Step 2 scores, total number of research publications, self-reported community service hours, selfreported time dedicated to leadership activities, additional degrees (such as master's degree or PhD), Gold Humanism honor society membership, and AΩA membership. Duplicate ERAS applications from individuals applying to multiple residencies were excluded. Students from historically black medical schools were excluded because the likelihood of AΩA members being minorities is higher in these institutions than nonhistorically black medical schools. Applicants from schools without an AΩA chapter and applicants who did not selfidentify race/ethnicity were excluded. Medical students can be elected to AΩA in their junior year or senior year of medical school. We did not make a distinction between junior and senior AΩA inductees in this study.
Statistical Analysis
Outcome data from the ERAS applications were transferred from the Matlab software to a separate electronic spreadsheet (Microsoft Excel, Microsoft Corporation). This spreadsheet was then imported into STATA, and all analyses were performed using STATA, version 14 (StataCorp). cal variables. We then used logistic regression to model the unadjusted effect of race/ethnicity on the likelihood of AΩA membership. To account for clustering within each medical school, we used generalized estimating equations with compound symmetry correlation to model the covariance structure. The national AΩA society advocates that professionalism and a firm sense of ethics, leadership, and community service be used as criteria for honor society selection. In our analysis, we added the variables self-reported total hours dedicated to community service, acceptance into Gold Humanism (representing applicants recognized for professionalism and a firm sense of ethics), and self-reported total hours of participation in leadership activities while in medical school as proxies for these criteria. We also included the applicant's sex into this analysis to model the association of an applicant's sex on AΩA membership.
After this analysis, we added predetermined variables that could potentially account for differences in AΩA selection, including USMLE Step 1 scores, and variables to designate whether the applicant authored an article in a medical journal or presented an oral abstract at a medical conference, had a master's degree, or had a PhD. We refer to this analysis as the fully adjusted model. Odds ratios (ORs) and 95% CIs were calculated to measure the strength of observed associations. The ORs, derived from multivariable logistic regression modeling, were converted to estimated prevalence ratios (PRs) for the fully adjusted model given that the prevalence of AΩA membership is greater than 10% and to facilitate interpretation of results, using standard methods.
14 Akaike information criterion analyses were performed to assess the goodness of fit for the 3 models. We also conducted an analysis to determine whether there was an interaction between an applicant's race/ethnicity and USMLE Step 1 scores and the likelihood of AΩA membership.
Results
A total of 5239 unique ERAS applications were reviewed. Of these applications, 319 (6.1%) were excluded from schools without an AΩA chapter, 61 (1.2%) were excluded from historically black medical schools, and 204 (3.9%) were excluded because race/ethnicity was unknown. A total of 4655 unique applications were analyzed in the study. These applications came from 123 US medical schools or 96% of all US medical schools with an AΩA chapter. Applicants included in the study were similar to those excluded in terms of age, sex, and USMLE
Step 1 and Step 2 scores with the exception of applicants from historically black medical schools who had mean lower USMLE
Step 1 and Step 2 scores. The median age of applicants was 26 years (range, 21-54 years), and 2133 (45.8%) of applicants were women ( Table 1) . Of all the applicants, 276 (5.9%) were black, 186 (4.0%) Hispanic, 1170 (25.1%) Asian, and 2605 (56.0%) white. The mean (SD) USMLE Step 1 score was 235 (18.5), and the mean (SD) USMLE Step 2 score was 245 (16.7). A total of 1626 applicants (34.9%) attended a school ranked in the top 40 by NIH funding. Among the sample, 966 applicants (20.8%) were elected into AΩA. Compared with all the medical students who applied to residency in the United States in 2014, the cohort of applicants reviewed was similar with respect to sex and race/ ethnicity ( Table 1 ). The cohort reviewed was more likely to have membership in AΩA and have a higher mean USMLE Step 1 score than the population of medical students applying to residency (Table 1) No statistically significant differences were found in the median time dedicated to leadership activities and community service between AΩA and non-AΩA students ( Table 2) . Table 3 presents results for the unadjusted and adjusted models. In the unadjusted model, white medical students were more likely than black, Hispanic, and Asian medical students to be members of AΩA. This association remained when adding variables to account for AΩA selection criteria, including Gold Humanism membership as a proxy for professionalism, self-reported hours dedicated to leadership activities, and hours worked for community service. In addition, this association remained for black and Asian medical students after .46 for other; P = .03). We found that black (adjusted OR, 0.02; 95% CI, 0.003-0.17), Hispanic (OR, 0.37; 95% CI 0.18-0.75), and Asian (OR, 0.43; 95% CI, 0.32-0.58) medical students were less likely than white medical students to be AΩA members in the model restricted to students not ranking in the top quartile of USMLE Step 1 scores. In the model restricted to students ranking in the top quartile of USMLE Step 1 scores, Asian students remained less likely than white students to be AΩA members (OR, 0.55; 95% CI, 0.41-0.76), and black applicants were also less likely than white applicants to be AΩA members; however, the association for black applicants did not reach statistical significance (OR, 0.38; 95% CI, 0.13-1.07).
No association was found between AΩA membership and the self-reported number of hours worked in leadership positions or the self-reported number of hours worked in community service. The presence of a master's degree or PhD was not associated with AΩA membership. Publication in a medical journal or oral abstract presentation at a medical conference was associated with AΩA membership. Women were less likely to be AΩA members in the model adjusted for AΩA selection proxies; however, this trend reversed in the fully adjusted model after controlling for USMLE Step 1 scores (Table 3) . Akaike information criterion statistics were performed to assess the goodness of fit of each model, with the fully adjusted model having the smallest residual error (Akaike information criterion in the unadjusted model, 4593; adjusted for AΩA proxies, 4528; fully adjusted, 3388). Prevalence estimates for AΩA membership by race/ethnicity for the fully adjusted model were calculated (black applicants: PR, 0.19; 95% CI, 0.09-0.43; Hispanic: PR, 0.83; 95% CI, 0.51-1.28; Asian: PR, 0.57; 95% CI, 0.47-0.69; multiracial: PR, 0.88; 95% CI, 0.64-1.16; other: PR, 0.72; 95% CI, 0.38-1.17) and were similar to the calculated ORs.
Discussion
After controlling for numerous demographic and educational covariates, we found that the odds of AΩA membership for white students were nearly 6 times greater than those for black students and nearly 2 times greater than for Asian students. Although previous literature [1] [2] [3] [4] [5] has reported that minority faculty are less likely to be promoted and to receive NIH funding in academic settings, this is the first study, to our knowledge, to describe a similar disparity in the receipt of academic awards at the level of undergraduate medical education. No statistically significant difference in AΩA membership was found between white and Hispanic students. Nevertheless, the CI for the likelihood of Hispanic applicants being AΩA members is wide in the fully adjusted model, and it is possible that we lack statistical power, thus resulting in a type II error.
We identified a strong association between AΩA members and high USMLE Step 1 scores but found no difference in the selfreported number of hours dedicated to leadership activities or community service between AΩA members and nonmembers, suggesting that leadership activities and community service are not being strongly weighed in election to the society.
Limitations
Our study has several limitations. First, because of variation in the reporting in ERAS applications, it is difficult to know the class rank of every applicant. Some applications explicitly state the medical student's rank, some give a range, and some make no statement at all. Consequently, we are unable to pinpoint the precise cause of the disparity making some racial/ethnic minorities less likely than white medical students to be AΩA members. Are minorities less likely to be in the top quartile of their class, or if in the top quartile, are minorities still less likely to be chosen as AΩA members? Although we are unable to adjust for academic performance, we adjusted for USMLE Step 1 scores, which is a reasonable surrogate. A second limitation is the 1-year sampling frame. Although the racial disparity reported in this study is similar to the disparity reported more than 25 years ago (Table 4) , it is possible that our cohort does not reflect trends in the racial/ ethnic composition of AΩA members over time.
Third, all applications were collected at a single academic medical center. Because our institution draws applicants from more research-intensive institutions, it is possible that the disparity described in our cohort is attenuated among academic medical centers with less research focus. It is also possible that a disproportionately small number of black, Hispanic, and Asian medical students who are AΩA members applied to Yale residency programs, which could bias our results. Because there is no public database providing demographic data about AΩA members, information about the race/ethnicity of AΩA members nationally is limited. Nevertheless, the racial/ ethnic composition of our cohort is similar to the national population of medical students with regard to race/ethnicity, and our cohort has a higher percentage of AΩA members than the national population of applicants.
Fourth, we used self-reported total hours dedicated to leadership activities and community service as proxies for AΩA membership selection criteria. It is possible that these proxies do not accurately reflect the depth and quality of the student's engagement with the stated activities and/or that these measures may not reflect the data used by the individual AΩA chapter committees when evaluating medical students for society induction. Moreover, all information evaluated in the study was abstracted from ERAS applications, and it is possible that there are intangible characteristics or academic achievements not present in each application that contributed to a student being inducted into AΩA.
Implications
This study has potential implications for academic medicine leaders and the national AΩA society. Academic medicine leaders have consistently advocated for the need to strengthen the pipeline of minorities entering academic medicine. [16] [17] [18] Although underrepresented minorities comprise 11% of all medical students, they only comprise approximately 5% of new academic medicine hires. 1, 19 Given the association between AΩA membership and a medical student choosing a career in academic medicine, the racial/ethnic disparity in AΩA membership described in this study may undermine the pipeline of minorities entering the academic health care workforce. This study's findings suggest that individual medical schools might benefit from internal review of their AΩA membership profiles with specific attention to differences by race/ ethnicity. Medical schools with a racial/ethnic disparity in AΩA membership may wish to revisit the mission of their AΩA chapter and the guidance given to their honor society selection committee to ensure it is not vulnerable to this type of bias. In addition, medical schools should continue to think about creative ways to recognize a range of necessary skills and talentsbeyond grades and USMLE Step 1 scores-that contribute to excellence in medical practice among physicians.
Given the study findings, residency program directors may want to pause and ensure that their interview triage process is multipronged. As the number of residency applications increases, program directors understandably look for filters to efficiently identify qualified applicants. Nevertheless, program directors using an interview triage system dominated by AΩA membership status could introduce systematic bias into their method of candidate selection. Residency program directors can influence the process substantially by requesting and relying on holistic student assessments. An applicant's status as a first-generation college student, origin in a community that is medically underserved, and foreign language ability are examples of nonacademic criteria that some undergraduate medical school programs have successfully incorporated into their holistic review. 20 The racial/ethnic disparity demonstrated in this study may also be of interest to the national AΩA society. The society has been the hallmark of undergraduate medical excellence for more than a century. As medical schools further diversify along multiple dimensions, revisiting the standardization of the guidance provided to local chapters regarding the membership selection process may be appropriate.
The role of USMLE Step 1 scores in membership selection is an area where reexamination of the guidance given to local chapters may be appropriate. High USMLE Step 1 scores were highly correlated with AΩA membership in our study cohort despite the holistic review process prescribed by the national AΩA society. Many studies [21] [22] [23] have found that, on average, underrepresented minorities and women score lower than white men on part 1 of the National Board of Medical Examiners. Given that our findings suggest the current practice of membership selection might be vulnerable to bias, another important step for the national AΩA society could be the regular collection and dissemination of member characteristics across the country. Although publicly available data could be presented in aggregate, this database would provide AΩA with the ability to internally benchmark trends in member demographic data over time.
Conclusions
Overall, black and Asian medical students were less likely than their white counterparts to be members of AΩA, which may reflect bias in selection. In turn, AΩA membership selection may affect future opportunities for minority medical students. Promoting excellence among medical students is an admirable goal, but it must be accomplished free of bias and supportive of a diverse student membership.
